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Summary Cerebral malaria is a complication of Plasmodium falciparummalaria and can result
in various neurological manifestations. We report a rare case of cerebral malaria with verteb-
robasilar stroke, presenting predominantly with signs of lateral medullary and cerebellar
infarctions. We suggest that, in patients presenting with fever and a concurrent vertebrobasilar
stroke, the possibility of cerebral malaria should also be considered.
# 2009 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.Introduction
There are estimated to be 500 million cases of malaria every
year.1 Cerebral malaria is the most severe neurological com-
plication of Plasmodium falciparum malaria.2 Cerebral
malaria can cause cerebral edema, diffuse or focal compro-
mise of the subcortical white matter, and cortical, cerebellar
and pontine infarctions.1 We present a rare case of cerebral
malaria manifesting mainly with signs of lateral medullary
and cerebellar dysfunction due to ischemic stroke in the
vertebrobasilar territory; to the best of our knowledge, this
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A 47-year-old male patient presented to the Emergency
Department of the Himalayan Institute Hospital, Dehradun,
Uttarakhand, India, complaining of fever, headache and
general weakness for 15 days. Fever was intermittent, with
spikes of fever following chills on alternate days, and was
associated with a few episodes of vomiting. The patient had
experienced giddiness for six days and had the feeling of
falling towards the left side while walking. He had a cough
with mucoid expectoration and sudden onset of hoarseness
of voice, dysphagia and nasal regurgitation for three days.
The patient had developed altered sensorium two days
previously. He had received a course of chloroquine and
antibiotics, without any relief, from a private doctor during
the initial phase of the illness. On deterioration of his
level of consciousness, he was later admitted to a district
hospital, where blood film showed the presence of P.Published by Elsevier Ltd. All rights reserved.
Figure 2 T2-weighted MR image of the brain, showing acute
infarction in the left lateral medulla and left cerebellar hemi-
sphere.
Figure 1 Peripheral blood film showing the gametocyte of P.
falciparum.
Malaria with vertebrobasilar stroke e293falciparum. Treatment was started with quinine as cerebral
malaria was suspected. His consciousness improved on
starting quinine, but he was referred to our hospital for
further management.
There was no history of hypertension, diabetes mellitus or
previous stroke. The patient was a nonsmoker. On examina-
tion, the patient was conscious, communicative and febrile
(oral temperature 38.2 8C), with a blood pressure of 134/84
mmHg. Systemic examination was normal, except for occa-
sional left basal crepitations, dysarthria, signs of impairment
of the left IX and X cranial nerves with absent jaw jerk,
impaired sensations on the left side of the face, with con-
tralateral deficits in pain and temperature sensation in the
body, features of left Horner’s syndrome (reduced sweating,
constricted pupil and ptosis), and cerebellar signs on the left
side, with rotatory nystagmus more marked on the left side
and equivocal plantar responses. There was no neck rigidity.
A provisional diagnosis of acute cerebral malaria with left
lateral medullary syndrome and left cerebellar dysfunction
was made. Acute meningitis, encephalitis and brain abscess
were also considered.
Hematological investigations were normal, except for a
reduced red blood cell count (3.90  1012/L), mild leukocy-
tosis (total leukocyte count: 12.03  109/L differential leu-
kocyte count: neutrophils 80%, lymphocytes 19%, eosinophils
1%) and a raised erythrocyte sedimentation rate (108 mm/hr
by Westergreen’s method). Peripheral blood film showed the
presence of trophozoite and gametocyte stages of P. falci-
parum (3% parasitemia) (Figure 1). An immunochromato-
graphic test using monoclonal antibodies against the
Plasmodium metabolic enzyme pLDH (OptiMAL-IT, DiaMed
AG, Cressiers/Morat, Switzerland) was positive for P. falci-
parum, although the possibility of mixed infection with other
Plasmodium species was not excluded. Biochemical investi-
gations were normal, except for mild hyperbilirubinemia
(serum bilirubin: total 1.2 mg/dl, indirect 1.0 mg/dl, direct
0.2 mg/dl) and elevated transaminases (serum ALT 46 U/L,
serum AST 435 U/L). Blood and urine cultures were sterile,
with negative serological tests for dengue and HIV infections.
Cerebrospinal fluid examination, electrocardiogram, chest X-
ray, echocardiography and ultrasound examination of the
abdomen were normal. Magnetic resonance (MR) imaging
of the brain showed evidence of acute infarction in the leftcerebellar hemisphere and left side of the vermis, including
the anterior inferior cerebellar artery, posterior inferior
cerebellar artery and superior cerebellar artery territory,
with relative sparing of the ipsilateral middle cerebellar
peduncle (Figure 2). Acute infarction was also seen in the
left inferior cerebellar peduncle, the right side of the basis
pontis and right deep cerebellar white matter. The rest of the
brain parenchyma and both lateral ventricles appeared nor-
mal. Three-dimensional time-of-flight magnetic resonance
angiography (3D TOF MRA) showed bilateral anterior cerebral
and middle cerebral arteries with normal course, caliber and
branching patterns. The basilar artery and both posterior
cerebral arteries were normal in luminal caliber. Laryngeal
endoscopy showed left vocal cord palsy and pooling of saliva
in both pyriform fossae. Fundoscopic examination was nor-
mal. A final diagnosis of acute P. falciparum malaria compli-
cated by cerebral malaria with ischemic stroke in the
vertebrobasilar artery territory, presenting with predomi-
nant left lateral medullary and left cerebellar infarctions,
was made.
The patient was treated with quinine 600 mg intrave-
nously eight hourly, doxycycline 100 mg twice daily orally,
sulfadoxine (1500 mg) plus pyrimethamine (75 mg) in a single
dose, aspirin, clopidogrel, mannitol and other supportive
treatments. The patient showed improvement and became
afebrile within two days. Quinine was then taken orally.
However, the patient developed hiccups on the third day,
which responded to symptomatic management over the next
few days. Peripheral blood film showed a perceptible decline
in the malarial parasite count on the third day and the
absence of malarial parasites on the eighth day. An immu-
nochromatographic test for malaria was still positive on the
fifth day of admission, but became negative by the eighth
day. Hematological and biochemical abnormalities reverted
to normal by the tenth day, and quinine and doxycycline were
stopped. The patient showed a steady improvement in his
swallowing and speech difficulties and other neurological
e294 R.M. Kaushik et al.dysfunctions, and was finally discharged on the 15th day of
hospitalization. During a ten-month follow-up period, the
patient remained afebrile and showed steady improvement
in neurological dysfunction. After ten months, there remains
negligible brainstem dysfunction.
Discussion
Cerebral malaria is one of the most prevalent conditions
causing cerebrovascular disease in the tropics.3 Infestation
by P. falciparum can, in some cases, affect the central
nervous system, leading to encephalitis, which results in
death or neurological sequelae. The mechanisms involved
in the pathophysiology of the cerebral lesion are not totally
clear and there are currently two theories (mechanical and
humoral) concerning this.4 Sequestration of infected erythro-
cytes within cerebral blood vessels seems to be an essential
factor.2
The parasitized RBCs lodge within capillaries and venules
and, to a lesser extent, marginate in the large-caliber vessels
of the brain. Ghost RBCs containing pigments remain adhered
to the endothelial cells. Pathologically, there can be brain
swelling and fibrin platelet thrombi in the cerebral end
vessels. As a direct consequence of RBC sequestration, there
is local production of lactate; this is further enhanced by the
effect of excess tumor necrosis factor-a (TNF-a) and inter-
leukin-1 (IL-1) in the circulation, which adversely affects
brain function.5
Our case was unique in the sense that P. falciparum
malaria led to a stroke lesion in the relatively uncommon
territory of the vertebrobasilar system, even in the absence
of risk factors. The failed response to chloroquine during the
early phase of the illness and the absence of splenomegaly
delayed the correct diagnosis, as the possibility of chloro-
quine-resistant malaria was not considered at that stage. The
presentation of lateral medullary syndrome was atypical, as
features of this syndrome were associated with impaired
consciousness. The decreased level of consciousness was
attributed to widespread cerebral involvement due to cere-
bral malaria that was not extensive enough to result in an
abnormal MR image. The predominance of features of stroke,
rather than encephalitic features, upon MR imaging, as seen
in our case, might be due to atypical evolution. This was also
reported in another case of malaria with a stroke lesion in the
region of the middle cerebral artery without any associated
encephalitis.4In the absence of risk factors of hypertension, diabetes
mellitus, smoking, dyslipidemia and any history of previous
stroke, the possibility of this stroke being a chance occur-
rence with P. falciparum malaria is highly unlikely. The
development of neurological dysfunction well after the onset
of fever and the rapid improvement in the level of conscious-
ness, followed by steady improvement in neurological dys-
function, after starting the antimalarial treatment strongly
suggest that the ischemic stroke was mainly due to cytoad-
herence and sequestration of erythrocytes containing the
parasites in the cerebral blood vessels. Moreover, the
decreased vulnerability of the vertebrobasilar system to
atherosclerosis compared to the carotid system in the cere-
bral circulation, the relatively young age of the patient and
normal fundoscopic findings argue against the selective
development of atherosclerosis in the vertebrobasilar terri-
tory predisposing the patient to ischemic stroke. So, in all
probability, heavy parasitemia was the crucial factor in the
development of stroke, not the process of atherosclerosis.
It is concluded that, rarely, cerebral malaria can present
with vertebrobasilar stroke. Therefore, in endemic areas of
malaria or given a history of a recent visit to such an area, in a
case of fever presenting with features suggestive of verteb-
robasilar stroke, amalarial etiology should also be considered.
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